The color stability of resin cements is essential for aesthetic restorations. Aim: To evaluate the influence of shade and aging time on the color stability of two light-cured and two dual-cured resin cements. Methods: The CIE-Lab color parameters (n=6) were measured immediately after sample preparation and at 7, 30 and 90 days of aging in distilled water. The color difference (∆E) was calculated and then analyzed by three-way ANOVA for repeated measures and Tukey's HSD test (α=0.05). Results: ∆E was higher for transparent resin colors, followed by dark and light colors. The mean values of ∆E were lower for both light-cured resin cements compared to the dual-cured cements. As the aging time increased, ∆E values increased. Conclusions: The light-cured resin cements showed greater color stability. The lighter shades of luting were more likely to display a greater color change.
Introduction
Resin-based cements have been extensively applied for aesthetic restorations with translucent material, like dental ceramic veneers [1] [2] . It is essential that the color of the aesthetic materials remains stable over a long period in the oral environment [3] [4] . Previous studies have described color changes occurring in direct dental composites [5] [6] [7] [8] [9] . However, as Koishi et al. have remarked 4 , the color stability of luting composites requires careful analysis. Luting composites and direct composite resins have similar compositions (in terms of the polymer matrix and fillers), and therefore the color stability of luting composites may be affected by chemical components.
Inorganic oxide additives are typically used to create material shades that match the color of the tooth or other restorative materials used with resin-based cements 10 . Depending on the manufacturer, one or multiple shades may be applied. Uchida et al. reported that the discoloration of a direct composite resin is influenced by shade selection 8 : the lighter the shade, the higher the tendency for discoloration. As direct composite materials and luting cements have similar chemical components (organic matrix and fillers), the color stability of resin-based cements may also be affected by shade selection.
Resin-based cements may be classified based on whether they are chemically cured, light-cured or dual-cured materials 11 . Light-cured resin cements present increased working time and the removal of excesses of material is easier than for chemically cured materials. On the other hand, dual-cured luting materials contain compounds for both chemical and light curing, and consequentially these materials possess beneficial traits from both polymerization systems. The combination of curing systems used with dual-cured resin cements is reported to reduce the number of remaining double bonds, which improves the degree of conversion 12 . As the color of resin-based materials is related to the degree of conversion [13] [14] , dual-cured luting materials should show better color stability than the light-cured resin cements.
In the case of aesthetic restoration materials, such as ceramic veneers, the color stability of the resin-based cement employed for the cementation procedure may be as important for the long-term clinical success of the restoration as the mechanical properties of veneering material. When ultrathin ceramic veneers are used, the color of the resin-based cement plays a major role.
The aim of this study was to evaluate the color stability of four different luting cements with variations in curing mode, shade and aging time. The experimental design tested three null hypotheses: that there might be no difference in color stability between the evaluated shades, that the method of polymerization might not influence the color stability, and that aging in water might induce no changes in color.
Material and methods
Three shades (transparent, clear, and dark) of each four resin-based cements (Rely X Veneer 3M/ESPE, Germany, light-cured; Choice 2 Bisco, USA, light-cured; Variolink II Ivoclar-Vivadent, Germany, dual-cured; and AllCem FGM, Brazil, dual-cured) were evaluated in this study. The key attributes of each material are in Table 1 .
All specimens were prepared in controlled relative humidity (55±5%) and temperature (23±1 ºC). Each luting composite was mixed in accordance with the manufacturer's instructions. Six disk specimens, 5 mm diameter and 1 mm thick, were prepared for each shade and material. Each specimen was made by inserting the resin-based cement into a Teflon mold ring and pressed between two 1-mm-thick glass slides under finger pressure. All samples were continuously light-cured with a LED light source (Dental Woodpecker LED, 1200 mW/cm Specimens were stored in dark canisters containing distilled water at 37 °C for 24 h. The color of each specimen was first determined after 24 h, and this was defined as the baseline color evaluation. The color measurements were performed with an EasyShade spectrophotometer (Vita Zahnfabrik, Bad Säckingen, Germany) according to the CIELab (Commision Internationale de l'Eclairage) L*, a*, b* coordinates. The CIE L* parameter corresponds to the degree of light and darkness, whereas a* and b* coordinates correspond to red or green (+a*=red, -a*=green) and yellow or blue (+b*=yellow, -b*=blue), respectively. The specimens were then stored in dark canisters containing distilled water at 37 °C, and the color values were again measured after 7, 30 and 90 days. The specimens were placed on a white background during the measurement to prevent potential absorption effects on any of the measured color parameters. The mean of three measurements on each sample was used to represent the average values of the color parameters of each sample and these average values were used for the overall data analysis. The CIE-lab coordinates were used to calculate the color difference (∆E) between the baseline color measurement and the aged specimens. Before each color measurement, the immersed specimens were dried with absorbent paper. The ∆E for each experimental time was calculated using the following equation:
where ∆L*, ∆a*, and ∆b* are the differences in the respective values before and after aging. The ∆E values were analyzed by three-way ANOVA for repeated measures and Tukey's HSD test (α=0.05).
Results
The mean values of ∆E for the three different variables in this study, along with standard deviations, are in Tables 2-4. Significant effects of curing mode, shade and aging time on the color stability were observed. As shown in the results of resin shade comparison in Table 2 , ∆E values were the highest for translucent resins (p=0. Table 3 . Table 3 . Table 3 . Table 3 . Table 2 . Table 2 . Table 2 . Table 2 . When aging time was considered, the mean values of ∆E increased with time from 7 to 30 to 90 days (Table 4 , p=0.000000).
Discussion
All three evaluated null hypotheses in the present study were rejected: the experimental results revealed that the color stability varied among resin shades, curing methods and specimen aging times.
Storage in water is frequently used for in vitro aging of restorative composite materials. In this study, water exposure for longer periods of time caused increased changes in the CIE color space coordinates of the composites (Table 4) . It is well known that water absorbed in the polymer matrix causes filler matrix debonding and hydrolytic degradation of the filler [15] [16] , and it also could change the refractive index of the material 4 . Therefore, the increase of the ∆E values might be affected by water sorption in the used luting composites. The ∆L values increased as the immersion period increased, suggesting that the color of a luting composite tends to darken over long-term clinical use 4 . Other researchers have demonstrated that composite materials undergo discoloration by exposure to sources like UV light, visible light and/or heating 6, 17 . 19 . After aging, all specimens showed changes in ÄE values, but almost all the color differences had acceptable values. However, the mean ∆E values for transparent resin shades and for the dual-curable resin cement were above the acceptable. After 30 and 90 days of laboratory aging, ∆E values were also higher than acceptable. These results are related to the used method, because the uncovered resin disks used in this study, similar to those used in previous reported ageing tests [20] [21] [22] , have increased exposure to potentially damaging environmental factors. . In the present study, six samples were enough to provide statistically significant difference, thus no more samples were fabricated.
The effect of shades on the color stability of luting composites was statistically significant. The relative values of DE*ab were dark=clear<transparent. This suggests that higher color degradation occurred on the colorimetrically lighter and less chromatic shades in the studied composite systems. It was previously shown that lighter shades yield more visible color changes than dark shades in a semi quantitative comparison for direct composite resins 8 . According to Uchida et al. 8 , the higher discoloration associated with lighter shades may result from environmental breakdown of the polymer. This breakdown leads to the release of monomers and causes the cured resin color to shift to the color of the monomers. Alternatively, environmental damage can cause a color change by affecting the retention and/or stability of pigments and other additives in the polymer formulations. The aesthetic performance of porcelain laminates can be affected by the color of the resin cements used to bond them to teeth 22 . The current results indicate that lighter resin cements presented significantly more color change after aging.
Both the light-cured and the dual-cured cements presented color changes. Degradation of residual amines and oxidation of residual unreacted carbon-carbon double bonds result in the formation of yellowing compounds in resinbased materials 23 . In the present study, the ∆E values for dual-cured specimens were significantly higher than those for respective light-cured specimens. These results are in agreement with Brauer, who reported that veneer luting cement composites had better color stability when compared with the auto-cured materials containing tertiary aromatic amine accelerators 17 . Aromatic tertiary amines used in selfcured resins are more likely to oxidize than the aliphatic amines used in light-cured materials; therefore, light-cured cements are expected to have more color stability 23 . Factors such as monomer composition and filler content might also influence the color stability of luting composites 4 . This could explain the different color stability values between the two dual-cured resin cements tested in this study.
Many materials with different color and composition are commercially available. Further studies are required to evaluate color changes of resin luting cements and factors related to them in different situations, in order to improve long-term aesthetic results and help the dentists to have a better understanding of this issue [24] [25] [26] . Within the limitations of this in vitro study, the following conclusions were drawn: the translucent shade materials exhibited higher ∆E changes; the light-cured luting composite resin showed lower ∆E values than the dual cured materials; the ∆E values were influenced by the time of immersion period.
